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The present invention relates in general to extrusion tech- 
nics and particularly to a method for processing extrudable 
material for' the . manufacture of an extrusion product, advan- 
tageously a multilayer extrusion pr.qduct, "by an extrusion 
device, wherein the extrudable material is brought in solid 
form* preferably as powder or in granular form, and which 
comprises a central extrusion' channel as well as a stator 
means and a rotor means defining said channel; and also to 
an extrusion device for processing the extrudable material 
to produce an extrusion product, advantageously a multilayer 
extrusion product, into which extrusion device the extrudable 
material is brought in solid form, preferably as powder or 
in granular form, said extrusion device comprising a central 
extrusion channel as well as a stator means and a rotor 
? 'theanf^ defining said channel. The invention telates also to 
an extrusion product. 

Traditional extrusion methods can principally be divided 
into extrusion carried out by so-called axial extruders and 
the one carried out by so-called radial extruders. 

As drawbacks concerning the axial extruders, the benefit of 
which is a good resistance against pressure load, can be 
mentioned, that especially for the production of rotation 
symmetrical and/or multilayer products many axial extruders 
must be connected to the extrusion head, whereby dispension 
of the extrudable mass evenly and homogenous ly at the ex- 
trusion head creates a problem, this being hardly possible 
or even totally impossible, especially when even minor 
variations or regulations of the extrudable mass flow amounts 
occur in the processing, and as a result almost without 
exception an eccentric and unhomogenous extrusion product 
is obtained. 



A drawback in radial extruders, the benefit of which is a 



metrical and multilayer products, is a poor resistance 
against, pressure load, so that the device can only be used 
for low yields- For higher yields the sizes and dimensions 
substantially increase, whereby the investment costs of a 
radial extruder become significantly high compared with the 
advantages gained . 




The main object of the present invention is to provide a 
new method and extrusion device for processing extrudable 
material and at the same time to combine the benefits of 
traditional extrusion technics and to eliminate the drawbacks 
relating thereto. The goal and the purpose of the present 
invention is particularly to enable by the improved method 
and the new device both the manufacture of -multilayer pro- 
ducts and the increase of yield as well as variation possi- 
bilities of the number of layers in the product. 

These goals have been attained by the method mentioned in 
the introduction so that an optional number of alternately 
packlike ox\e within <he other arranged stator and rotor 
means is. used in the extrusion device, and that the material 
to be extruded along with the- feeding will first be melted, 
in an advantageously conical or double-conical annular feed 
defile at least partially continuously decreasing in diameter 
between the stator means and the rotor means , after the 
infeed at the beginning of the feed defile and before the 
central extrusion channel/ and then compressed to the final 
extrusion pressure; and by the device mentioned in the 
introduction so that an optional number o'f stator and rotor 
means has been arranged alternately packlike one within the 
other / and that each feed defile between the stator means 
and the rotor means has been formed as annular feed defile 
at least partially continuously decreasing in diameter and 
•'advantageously corresponding a conical or double-conical 
form, comprising in the flow direction of the extrudable 
material first an input zone, then a melting zone and finally 
a compression zone ending to the central extrusion channel. 

EP-A-992'22 discloses an extruded internally cross-ribbed plastics material 
structure having inner and outer layers connected together by a bi-planar mesh 
formed of helical ribs bonded at their cross-over paints. 



Characteristic to the extrusion product according to the 
invention is that sa id f . product is a multilayer product, and 
that at least one layer of the product includes an inter- 
lacing orientation field, wherein plastic is helically 
oriented or directed forming a reinforcing netlike structure 
into the product. 

In a preferable embodiment of the method according to the 
invention the pressure of the extrudabie material is conti- 
nuously increased as it flows in the feed defile, and the 
extrudabie material is inductively melted by an induction 
conduct or coil in each sta'tor means by heating the stator 
means defining the feed defile with eddy current principle. 

As the most significant advantages of the invention it can 
be mentioned, that the mechanical strength and resistance 
against pressure load of the improved extrusion device 
according to the invention can be compared with the corres- 
ponding qualities of an axial extruder, and a remarkable 
benefit isalso, that the final extrusion pressure is not 
•created until at the end of the extrusion device immediately 
before the central channel before the nozzle. The yield . 
and/or the number of material layers to be formed can almost 
endlessly be increased just by increasing the number of the 
stator-rotor-modules to be arranged packlike one within and 
after the other. Moreover it is possible in the extrusion 
device according to the invention to realize absolutely 
evenly distributed central mass distribution, by which an 
absolutely homogenous and central extrusion product will be 
obtained as the result. 

The invention will be described in the following by some of 
its advantageous embodiments with reference to accompanying 
drawings, wherein t 

- figure 1 shows in general an extrusion apparatus according, 
to the invention as seen from above, 

- figure 2 shows a partial cross-section of the first advan- 
tageous embodiment of the invention, 



- figure 3 illustrates one advantageous solution -of the 
arrangement to be used in the extrusion device according to 
the invention to melt the extrudable material, and 

figure 4 shows a partial cross-section of the second 
advantageous embodiment of the invention. 

The extrusion device shown in figure 1 comprises a central 
extrusion channel, which is per ipher ically defined from the 
outside alternately one within and after the other into a 
packlike form assembled stator and rotor means 2, 3 and 4. 
Compactness of the stator-rotor pack has been secured by a 
bolt-nut joint extending axially through the pack. The 
material to be extruded into the extrusion device, which 
will in the following be referred as plastic, is pneumati- 
cally fed by a carrier medium, which will in the following 
be referred as air. The mixture of plastic and air under 
pressure is conveyed through the infeed opening 6 first to 
one side of the rotor means 4, from which begins one feed 
defile 5 for plastic supply defined between the stator and 
rotor means. After the plastic is fed to the beginning of 
the feed defile, .fch^air flows through a second discharge 
opening 7 in the stator means 2, 3 out of the extrusion 
device.. 

The manner for realization of the rotational drive. of each 
rotor means 4 is not most essential to the operation of the 
invention. In tests an electric motor drive 9 and an hydrau- 
--13.C motor has been used, whereby at least one, advantageously 
however several mutually symmetrically arranged, at the end 
roothed power transmission shafts, i.e. drive shafts^, are 
connected, as shown in figure 2 or 4, with a correspondingly 
toothed radially extending flangelike extension 43 in**the 
rotor means 4 to rotate the rotor means 4. 

As electric motors 9 to drive the rotor means 4 can advanta- 
geously be used either parallel connected AC-motors or in 
series or parallel connected DC-motors, whereby said motors 
can be controlled by one regulator, advantageously by an 



i»f«r for each extrudable plastic layer, 
i-wprter requlator, ror 

Further it is advisable to provide electric motors 9 with a 
rI an gem e nt to .enerate a suitable 

to achieve a compact structure this 
for the plastic supply. To achieve 

« ». a „r a j-pd to the frame of the 
gear arrangement can be integrated to 

extrusion device or to stationary stator means 2, 3. 

hs hydraulic motors driving the rotor means 4 of the extru- 
sion device it is advisable to use hydraulic motor, .with 
slow rotational motion, whereby there is no need for gears 
. • ehaft of the hydraulic motor operates 
and the transmission shaft of the y ^ ^ 

directly as a driving shaft 8 to roi: 

„ wi „i ae (-ir flow in the annular feed 
To generate an extrudable plastic flow 

aefile 5 defined between the stator means and the rotor 
llans the extrusion device according to ^J^^ ^ 

provid ed with flow generating means ^ > ^ QT 

jo 1) to the side surface 21, ^ OI 

2) to the side surface 41, 42 of the rotor means, 

defining the feed defile 5; tne ., tat or means and * 

*n to the side surface 21, 2^ or 

B ' 4i ^ t-he rotor means, 

to the side surface 41, 42 of the 

defining the feed defile 5. 

vorrcs, spiral grooves or sprral recess 1 
on e boundary surface or the feed def.le 5. 

^ - „ *-hv» first embodiment 
; XB the extrusion surfaces 21 

o£ the invention ^ - ^ means , the 
and outer surfaces 22 of th surfaC es 41 and 

* ^files 5 are smooth, while all inner s 
feed defiles 4 defining the feed 

outer surfaces 42 of the r generating> . me ans composed 

defiles 5 are provided with no y 
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of formations 43 of many-headed helical worms. 

To achieve during the plastic flow caused by the flow gene- 
rating means in each feed defile 5 an advantageously conti- 
nuously increasing pressure to the plastic, the feed defile 
5 has been formed as a ring channel with a continuously 
decreasing diameter, advantageously in conical or double- 
conical shape, in which channel plastic during its flow 
according to the invention is first melted after the infeed 
and before the central extrusion channel 1, and then prefer- 
ably just before the central extrusion channel 1 is compres- 
sed to the final extrusion pressure. During its flow in the 
feed defile 5 the pressure of the plastic changes advan- 
tageously as follows: . 

- in the feed zone 51 following the infeed the pressure is 
raised to 3 7 MPa, advantageously to about 5 MPa, 

- in the melting zone 52 following the feed zone 51 the 
pressure is raised to €...14 MPa, advantageously to about 
10 MPa, and 

- in 'the compression zone 53 following the melting zone 52 
before the ^extrusion channel 1 the pressure is raised to 
10 60 MPa, advantageously between 15... 40 MPa. 

To form the continuously decreasing annular feed defile and 
thus to increase the pressure inside the feed defiles, the 
diameters of which are continuously decreasing, defined 
between alternately and one after the other arranged stator 
and rotor means 2, 3, 4, each stator means 2, 3 has a co- 
nically tapering sleeve part 2tt' and each rotor means 4 has 
also a conically . tapering sleeve part 40. Said conically 
tapering parts 20 and 40 have been shaped to correspond 
each other, so that they fit packlike within each other. 
Moreover, as can be seen in, figures 2 and 4, a radially 
extending flangelike extension 43 is jointed to the larger 
end of the conically tapering sleeve part 20 of the stator 
means 2, 3 and respectively of the rotor means 4. Between 
said extensions has been mounted a thrust bearing enabling 
the rotational movement of the rotor means 4, whereby the 



extension ,3 of the rotor -a. is tooth.* to fit with at 
l...t one toothed drive shaft 9 rotating the rotor — 4. 

la order to guarantee the mechanical strength of the compact 
extrusion device according to the invention and at the same 
time to enable mounting of the means 35 fox melting the 
clastic and also to prevent deformations in the 
In, the feed defile 5 when pressure increases, each stater 
means 2. 3 includes a first conical element 31 and a second 
conical element 32 supported with a distance from each 
other by distance pieces 33, -hereby into the intermediate 
fpace Z between the conical elements 31 and 32 have been 
mounted said means 35 for melting the extrudable material. 

m the preferable embodiment of the invention shown In 
figure. 3 the means 35 for melting the extrudable material 
Uprise an induction conduct or coll 35 mounted in a wave- 
llk manner into the intermediate space 34 between the 

= nA 32 bv which conductor or coil the 
conical elements 31 and 3Z, oy woj.*- I m * i i - • 

o = n A i defining the feed defile 
walls of the stator means 2 and 3 de.tining . ^ 

are heated by the eddy current principle. . 

/ j«„,t <-o t-h<» second advantageous 

The extrusion device according to the secon 

Lbodlment of the Invention corresponds in its operation 
Wh the extrusion device of the first embod>ment of the 
, invention and differs on!y structurally from the first 
embodiment In the sense that *ach feed defile 5 or the ^ 
extrudable material between the stator mean ^2 

ro tor means 4 forms an angle, ^«*^ . aava ntageously 

3 and rotor means 4 are formed by sleeve par 
Luble-conical in shape and adapted one after and within 
the other, xn this second embodiment the axial compon, 

^ v.-i ni^Hc flow at the beginning of the reea 
the extrudable plastic no« 3 . 

c ^ u ?4-h the axial component ot . 

defile 5 is opposite compared with the axi v 

the extrudable plastic flow at the end of the feec defile 

5, whereby the loads directed to the structural parts of 

the extrusion device by the plastic under pressure partly 

compensate each other and smaller thrust beatings can be 
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used betweep. the stator means 2, 3 and the rotor means 4. 

Especially to even out the plastic supply it is advantageous 
that the plastic is supplied into the feed defile 5 from 
several points on the periphery of the rotor means 4, pre- 
ferably by equal distances from each other, whereby it is 
possible to eliminate the problems caused by unsymmetr ical 
supply, particularly to avoid the possibility, that the 
final product would be unsymmetr ical and/or unhomogenous . 

The invention has been described above only by some of its 
advantageous embodiments. This is not, of course, meant to 
l,imit the invention and as is evident for persons skilled 
in the ar<t, several modifications, variations and alterna- 
tives are possible within the scope of the -accompanying 
claims concerning the construction as well as the infeed, 
melting and pressurizing of the extrudable material. Espe- 
cially there is a reason to emphasize, that it is not neces- 
sary to form the opposite nested surfaces of rotor and 
stator means as continuously tapering conical forms, but 
that said surfaces can have bends, ball surfaces, parabolic 
surfaces and corresponding shapes, however so, that mounting 
of the parts in a packlike manner and forming of feed defiles 
therebetween is realized. It is also possible to supply 
into feed defiles separated by rotor means, i.e. on both 
sides of the rotor, different extrudable materials - hence 
by means of one single rotor between the stator means it 
will be possible to produce a 2-layer product, and if several 
modules are mounted one after the -other, it Is possible to 
produce extrusion products with high number of layers. In 
this case the extrusion device must include at least one 
supply opening for each layer to be extruded and one dis- 
charge opening for the carrier material. Further there is a 
reason to emphasize, that especially to guarantee the homo- 
geneity of the yield and the equal thickness of the layers, 
it is advantageous that the rotors are rotated in opposite 
directions, whereby the rotors are rotated in opposite 
directions in respect to each other in any optional pair of 



pair of two successive rotors 



CLAIMS 

1. A method for processing extrudable material in 
an extrusion device, wherein the extrudable material is 
brought in solid form, advantageously as powder or in gra- 
nular form, and which includes, defined by the stator means 
(2, 3) and the rotor means (4): 

- an annular, advantageously conical or double-conical feed 
defile (5), at least partially continuously reducing in 
diameter, for the extrudable material, and - 

- a central extrusion channel (1) for the extrudable mate- 
rial, characterized in that for' producing 
especially a multilayer extrusion product an optional number 
at least three, of stator means (2, 3) and an optional 
number, at least two, of rotor means (4), arranged in a 
packlike manner alternately one within the other, is used, 
and that the extrudable material is first melted in each 

-feed defile (5) for the extrudable material between the 
stator means (2, 3) and the rotor means (4) after the infeed 
before the central extrusion channel and thereafter compres- 
sed to the final extrusion pressure. 

t 

2. A method according to the claim 1, 
characterised in that the pressure of the 
extrudable material is continuously raised and that the 
extrudable material is inductively melted by an induction 
conduct or coil (35) in each stator means (2, 3) by heating 
the stator means (2, 3) defining the feed defile (5) by the 
eddy current principle. 

3. A method according to the claim 1 or 2, 
characterized in that the extrudable material 
is supplied into the feed defile (5) from several points at 
the periphery of the' rotor means (4), preferably with equal 
distances between each other. 

4. A method according to any of the preceding 
claims 1... 4, characterized in that into the 
feed defiles (5) separated by the rotor means (4) from each 
other, i.e. onto different sides of the rotor means (4), 
are supplied different extrudable materials. 

5. A method according to any of the preceding 
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daims 1...4, c h a r a c t e t r i z e d in that in order 
to guarantee the homogeneity of the extrusion product and/or 
equal thickness of the material layer the rotor means (4) 
are rotated alternately in opposite directions. 

6. A method according to the claim 5, 
characterized in that *or producing interlacing 
orientation fields into the product, whereby the plastic is 
helically oriented or directed in the product forming at 
least one reinforcing netlike, structure, plastics mixed 
with fibres and/or polymers forming fibres in the extrusion, 
like fluid crystal polymers, are used as the extrudable 
material. 

7. An extrusion device for processing extrudable 
material, into which extrusion device the extrudable material 
•is brought in a solid form, advantageously .as powder or in 
granular form, said extrusion device including, defined by 
the stator means (2, 3) and the rotor means (4): 

an annular, advantageously conical or double-conical feed 
-de'file XS) for extrudable material, at least partially 
continuously reducing in diameter, and 

- a central extrusion channel (1) for the extrudable mate- 
rial, characterized in that especially for 
producing a multilayer product an optional number, at least 
three, of stator means (2, 3) and an optional number, at 
least two, of rotor means (4) has been arranged alternately 
packlike one within the other, and that in each feed defile 
(5) between the stator means (2, 3) and the rotor means (4) 
there are in the direction of the extrudable material flow 
first an infeed zone (51), then a melting zone (52) and 
finally a compression zone (53) ending to the central ex- 
trusion channel (1). 

8. An extrusion device according to the claim 7, 
characterized in that each stator means (2, 3) 
includes a conically tapering sleeve part (20), the inner 
and outer surfaces of which (21, 22) are provided with the 
means to generate the extrudable material flow, advantageous 
ly with helical worms or recesses. 

9. An extrusion device according to the claim 7, 
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characterized in that each rotor means (4) 
includes a conically tapering sleeve p^r.t> (40), the end of 
which with larger diameter having a flangelike toothed 
extension (43), which fits with at least one toothed drive 
shaft (8) 'driving said rotor means (4), -and that the inner, 
and outer surfaces (41, 42) of said sleeve part (49) are 
provided with means (43) to generate the extrudable material 
flow, advantageously with helical worms or recesses. 

.10. An extrusion device according to the claim 7, 
characterized in that each stator means (2, 3) 
includes a first cone element (31) and a second cone element 
(32) spaced by distance pieces (33) from each other, whereby 
means (35) for melting the extrudable material have been 
placed in the intermediate space (34) between the first and 
the second cone element (31, 32). 

11. . An extrusion device according to the claim 
10, characterized in that the means for melting 
the extrudable material comprise an induction conduct or 
coil (35) adapted in said intermediate space (34). 
- 12. An extrusion device according to any of the 

preceding claims 7 11, c h a r acterized in that 

each feed defile (5) for the extrudable material 'between 
the stator means (2, 3) and the rotor means (4) forms an 
angle, whereby each stator means (2, 3) and rotor means 
(4) are composed of sleeve parts advantageously double- 
conical in form and arranged one within and after the other, 
so that at the beginning of the feed defile (5) the axial 
component of the extrudable material flow is opposite in 
respect to the axial component of the extrudable material 
flow at the end of the feed defile. 

13. An extrusion device according to any of the 
preceding claims 6... 12, characterized in that 
in order to guarantee the homogeneity of the extrusion 
product and/or the equal thickness of the material layers 
the rotor means (4) rotate alternately in opposite direc- 
tions. 

14. An extrusion product, 
characterized in that the product is a multi- 
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layer product, and that in at least one layer of the product 
theTe is an interlacing orientation field, wherein the 
plastic is helically oriented or directed to form a reinfor- 
cing netlike structure into the product. 

15. An extrusion product according to the claim 
14, characterized in that plastic mixed with 
fibres and/or polymers forming fibres in the extrusion, 
'li*e fluid crystal polymers, have been used to form each 
interlacing orientation 'field, whereby the fibres or the 
formation of fibres is directilfhelioally in the rotation 
direction of the rotor mean's-^. 



